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ABSTRACT
EXAMINING THE ASSOCIATION OF DISTANCE TO HOSPITALS WITH LABOR &
DELIVERY SERVICES AND MATERNAL MORTALITY RATES IN GEORGIA COUNTIES
(2010-2016)
By
ALINA KARIM
12/11/2018

INTRODUCTION: There is no formal research conducted that accounts for maternal mortality
rates in the state of Georgia in association to the distance to hospitals that provide labor and
delivery services.
AIM: To raise awareness about the number of maternal deaths that occur in Georgia, provide
better geographical and financial access to maternal care to bring about reform.
METHODS: A quantitative secondary analysis integrating the spatial aspect of distance to
hospitals from a centroid for each county was used to explore how maternal mortality rates differ
across the 159 counties in Georgia, aggregating data from years 2010 to 2016. Other
sociodemographic factors such as race and ethnicity, health insurance status along with the
socioeconomic status namely education, poverty was considered together with population
density. Linear regression along with spatial analysis was used to analyze the effect distance has
on maternal mortality rates.
RESULTS: The total maternal mortality rates in the state of Georgia were not dependent on the
increasing distance to labor and delivery units (L&D) from 2010-2016. Maternal mortality rates
among different races (Non-Hispanic Black, Non-Hispanic White and Hispanic/Latino) did not
illustrate a direct relationship with distance to L&D units.
DISCUSSION: More reliable and consistent data should be gathered on maternal mortality rates
in addition to viewing cases individually, and factoring in how far each mother has to travel to
access quality health care services for a healthy and safe delivery along with the
sociodemographic and socioeconomic factors.
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Introduction
1.1 Background
According to the World Health Organization (WHO), approximately 830 women die each
day while pregnant or during childbirth23. Although globally, this number represents a 44%
decrease between 1990 and 2015, maternal mortality is a serious public health issue that needs to
be addressed because of the sheer number of women that die in a developed country like the
United States. Additionally, to address the magnitude of this public health issue, the United
Nations General Assembly (UNGA) developed the Sustainable Development Goals (SDG)
which is a set of 17 goals that aim to shape a better sustainable future. For tackling maternal
deaths, the SDG # 3 Good Health and Well-Being intends to reduce the global maternal mortality
ratio to less than 70 deaths per 100,000 live births by 2030 by better managing intrapartum care
and having access to skilled professionals. The UNGA further developed Global Strategy for
Women's, Children's and Adolescents' Health, 2016-2030 to diminish barriers to comprehensive
quality maternal care, provide improved healthcare access and coverage, reliable and frequent
data collection methods to ensure the needs of mothers are adequately met and guarantee
accountability to optimize quality of maternal care and equity13.
Maternal mortality as defined by the WHO is the death of a mother while she is pregnant
or within 42 days of termination of pregnancy unrelated to accidental or incidental causes but
associated with or aggravated by the pregnancy and its management. This definition does not
take into consideration the site and duration of pregnancy at the time of termination23. Initially,
one would believe that maternal deaths are prevalent only in developing countries due to several
factors like lack of access to an adequately equipped labor/ delivery unit, distance to
clinics/hospitals, lack of transportation and trained health professionals, varied cultural practices,
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inequity in access to healthcare services, numerous and young age at pregnancy increasing the
risk and number of preventable deaths among women and girls. Furthermore, the WHO reports
that the maternal mortality ratio was 239 per 100,000 live births in developing countries as
compared to 12 per 100,000 live births in developed countries23.
However, current trends in maternal mortality depict a different picture for the United
States as a study published in Obstetrics and Gynecology stated a 26.6% increase in maternal
deaths from 2000 to 2014 as reported by USA Today with more than half of the deaths being
preventable19. While the worldwide trend drastically decreased within that time frame for other
developed countries, maternal mortality in the United States has gradually increased from 7.2
deaths per 100,000 live births in 1987 to 17.8 deaths per 100,000 live births in 2009 and 2011
(CDC)34 and IndexMundi24 reports that the US ranks 137 out of the 181 countries for maternal
deaths per 100,000 live births. American women are more than three times as likely to die as
Canadian mothers in the maternal period and six times as likely to die as Scandinavians. If we
consider racial disparities, maternal mortality is highest amongst African American women with
43.5 deaths per 100,000 live births, followed by 14. 4 deaths per 100,000 live births for women
of other races and the lowest rate being 12.7 deaths per 100,000 live births for white women
(CDC). In addition to this increasing trend, the United States has not published official maternal
death statistics in more than ten years that provide real time and reliable data to counter this
disturbing public health problem.
Considering this alarming rise in maternal mortality rates, there are several contributing
factors like age of mothers, chronic illnesses, education level, insurance status, poverty and racial
background, untrained hospital staff, improper immediate care that can prove fatal for the
mothers. One factor that is crucial in preventing maternal mortality is that of distance to hospitals
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that provide labor and delivery services and taking into consideration the time it takes to reach a
hospital. According to the Center for American Progress, only one OB/GYN physician was
available for 7,125 women in 2013 which could increase the maternal mortality rates in Georgia
where mothers are already at a greater risk of dying due to pregnancy-associated and/or
pregnancy related deaths5. ProPublica, a non-profit investigative journalism organization along
with NPR, a non-profit media organization covered the rise in maternal mortality rates in the
United States and discovered five key findings which were responsible for the increase. The
issue was with flawed hospital protocols where the hospital personnel are unsure of how to
handle treatable complicated situations which can lead to maternal deaths. Furthermore, hospitals
with NICUs are unprepared to deal with maternal emergencies in a timely manner and lack
trained personnel in the field. A major concern is that medical trainees are not required to
actually engage in a live birth before completing their training and thus, the inexperience can
prove to be fatal for the mother in an emergency situation. Another issue is the lack of funding
by the federal and state governments where only 6% of block grants are allocated towards
maternal well-being41.
The America’s Health Rankings website (CDC, National Vital Statistics System) reports
that in 2018, Georgia has a maternal mortality rate of 46.2 deaths per 100,000 live births which is
more than twice the rate of the United States (20.7 deaths per 100,000 live births) and has
increased from 2016 with a rate of 39.3 deaths. The report further provides stratified maternal
mortality rates by race/ethnicity and age. The race/ethnicity strata consist of Hispanics with
Maternal Mortality Rates (MMR) of 18.1 deaths/100,000 live births followed by Whites (43.2
deaths/100,000 live births) and finally the highest MMR of 66.6 deaths/100,000 live births
amongst Black women. The age strata consist of ages 15-24 years, 25-34 years and 35-44 years
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with MMR of 15.1, 27.6 and 89.4 deaths per 100,000 live births respectively3. The 159 counties
in Georgia vary widely as per their demographics, socioeconomic status, land area, population
density, and access to healthcare services, proper transport and road access.
1.2 Causes of maternal mortality
The Georgia Maternal Mortality Review Committee (MMRC) consolidated a list of
potential contributing factors to maternal mortality in 2012 after reviewing cases for one year so
as to enact necessary actions by stakeholders. This consisted of hemorrhage, cardiac disorders,
obesity, seizure disorders and suicide/depression. The report highlights lack of awareness of
symptoms by the providers and by the women over warning signs, mismanaged treatment and
lack of postpartum care. In a later report published by the MMRC in 2017 for the year 2013,
cardiomyopathy was found to be the leading cause of pregnancy-related deaths among 32
identified cases, followed by hemorrhage-obstetric hemorrhage (16%) and embolism- amniotic
fluid embolism (16%). The other pregnancy-related deaths consisted of mental health conditions,
infections, cardiovascular and coronary disease, anesthesia complications and pregnancy specific
conditions such as gestational diabetes, hyperemesis and liver disease. Thirteen percent of the 32
identified cases included preeclampsia, autoimmune disease, injuries, and pulmonary disorders.
While the mother was pregnant or within a day of postpartum, embolism (13%) was the leading
cause of pregnancy related death followed by conditions specific to pregnancy (6%).
Furthermore, the leading cause for pregnancy-associated deaths was automobile crashes (19%)
from 47 identified cases followed by drug toxicity (15%), homicide (13%) and respiratory
conditions (11%)33.
The American Heart Association describes peripartum cardiomyopathy (PPCM) as a
weakness of the heart muscle which causes a shortness of breath accompanied by swelling of the
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hands and feet. It occurs in the final month of pregnancy or up to five months postpartum and
can be difficult to detect since the symptoms are that of a third trimester pregnancy. There are a
number of risk factors associated with PPCM such as obesity, use of specific medications,
alcohol use, being African-American, poor diet but the underlying causes are ambiguous. Hence,
eating a well-balanced diet, regular exercise and avoiding alcohol and smoking during pregnancy
can aid in maintaining a healthy heart. Further research is required to treat PPCM and the
underlying causes31.
The MMRC recognized areas of concerns that lead to poor maternal health outcomes in
Georgia. Factors include the inability to recognize the risk factors and symptoms in a timely
fashion by the healthcare providers or patients with lack of follow-up for cardiomyopathy and
hemorrhage cases. Obesity was another concern since the reviewed cases for maternal mortality
consisted of 58% of the women being morbidly obese (BMI>30) with other coexisting
conditions such as diabetes, hypertension, cardiovascular diseases and other pregnancy-related
complications. The insufficient BMI assessments pre-pregnancy and lack of regular monitoring
of obese women during pregnancy and postpartum were causes for concern. Further, these
women who were at an increased risk or suffering from chronic conditions did not receive
preconceptual, prenatal, inter-conceptual counseling in order to reduce pregnancy complications.
Absence of standardization in treatment procedures and referrals for high risk pregnancies to a
more suitable level of care is important to avert preventable maternal deaths33. In essence, central
and integral to these concerns is the access to healthcare where distance to hospitals can play a
vital role in the fate of a mother.
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1.3 Medicaid in Georgia
According to the Kaiser Family Foundation’s Status of State Action on Expanding
Medicaid, currently 37 states (including District of Columbia) have opted for the expansion
albeit 14 states have not adopted Medicaid which includes Georgia. When the US Supreme
Court decision of 2012 defacto made Medicaid expansion optional for states under the
Affordable Care Act that rolled out in 2010, the Georgia governor and lawmakers stated the
expansion to be expensive and thus, the Georgia Medicaid program run by the Georgia
Department of Community Health implemented in 1967 was continued. However, if the
expansion would have progressed in Georgia, the uncompensated care costs would be on the
decline as they decreased in the expansion states by $7.4 billion in 2014 36. Additionally, the
Kaiser Family Foundation approximated 240,000 Georgians who either earn too much according
to the Georgia Medicaid program guidelines but too little to be eligible to receive subsidies
through the health insurance marketplace to enroll for private insurance 28. Ultimately, this
places people in the coverage gap where they are unable to receive healthcare services. Hence, if
people are unable or unwilling to pay for the services they received then it further increases the
healthcare expenditure in the US. Lack of funding from the federal government and bad debt
accumulated through the uninsured population in Georgia due to non-expansion has led to
hospital closures, mostly in rural areas. Since 2010, six hospital closures have occurred in
Georgia according to according to the research conducted by the North Carolina Rural Health
Research Program4.
For pregnant women in Georgia, the Medicaid program called Georgia Families requires
the mother to be at or below 220 percent of the Federal Poverty Line (FPL) which is
approximately an annual income of $29,986 for a family size of one in order to be eligible6. This

6

program pays for services like labor and delivery in addition to physician visits, prescriptions,
and inpatient and outpatient hospital services. The Georgia Maternal Mortality Review
Committee report published in 2017 stated that among the 79 maternal deaths, 52% of those
women were receiving Medicaid while 18% were on private insurance and the insurance status
for the 23% could not be established for 2013. The report recommended policy changes such as
extending insurance coverage to mothers after birth that are at risk for obesity, hypertension or
cardiovascular diseases33. Even with Medicaid eligibility during pregnancy, a woman could be
suffering from chronic illnesses prior to becoming a mother. These conditions can be aggravated
if proper medical attention is not sought and postpartum coverage is not provided after the 60day termination period. The peer-reviewed health policy journal, Health Affairs examined the
uninsured rates for mothers for years 2013 and 2016 after the implementation of the Affordable
Care Act Medicaid expansion using data from the American Community Survey (ACS). There
was a decline in the uninsured rates among new mothers from 15.3 % in 2013 to 6.8 % in 2016,
while the decline for non-expansion states was from 25.3 % in 2013 to 17.9 % in 201625. The
ACS reported the uninsured rate among Georgian mothers to be 22.4% from 2015- 2016. In
order to improve on preventable maternal deaths, continuous coverage is important to monitor
the mother’s health along with the infant’s health39.
This fractured healthcare system makes it difficult for new mothers who are without
insurance or quality coverage to receive the care required pre and post partum. Moreover, the
inability to recognize troublesome symptoms and inadequate pregnancy related education and
training can lead to an unwanted obstetric emergency which makes caregivers more prone to
error. The quality of care provided to the mother and baby greatly matter. To emphasize the
importance of this factor, a retrospective cohort study was conducted at Cedars-Sinai Medical
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Center in California in 2016 over a 30-month period on all women admitted for delivery. The
point of the study was to examine the quality of maternal care. The study concluded that
“opportunity for improvement in care” was present in 44% (66 cases) of life-threatening
complications during pregnancy and childbirth29. Furthermore, the study recognized hemorrhage
(71.3%) and preeclampsia/eclampsia (10.7%) as the two most common underlying causes of
severe maternal morbidity.
1.4 Race/Ethnicity
Race/Ethnicity play an important role in the outcome of maternal mortality rates since
racial and ethnic disparities exist leading to lower quality of health care received by minorities. A
literature review was conducted to identify the longitudinal models of health disparities. The
study found that stress caused due to prolonged exposure to racial bias and discrimination can
lead to poor health outcomes among African American mothers when paired with other chronic
illnesses. It states that a woman’s health is impacted over the course of her life due the issue of
systemic and gender bias18. “Weathering” is the term conceived by a professor at the University
of Michigan School of Public Health which states how the affect of constant stress wears away
the body leading to chronic illnesses that are increasingly witnessed in African Americans at a
younger age as compared to Whites21. On a national level, the CDC reports that the maternal
mortality rate among African American women is approximately three to four times more
prevalent than among White women. A nationwide study examined the case-fatality rates and
prevalence between White and Black mothers for five conditions namely preeclampsia,
eclampsia, abruptio placentae, placenta previa, and postpartum hemorrhage during 1988 through
1999. The study determined that although the prevalence was not remarkably different between
the two races, Black women were two to three times more prone to dying from the same
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condition than White women hence the case-fatality rates were statistically significant37. The
Georgia MMRC observed similar trends in maternal mortality rates of 39.1 deaths per 100,000
live births in Non-Hispanic Black mothers as compared to 9.6 deaths per 100,000 live births
among Non-Hispanic White mothers between 2001 and 2011 which was four times higher.
Furthermore, the MMRC of Georgia reported that in 2013, 47% of the maternal deaths were
among African American women followed by 43% among White women. Albeit, the report also
mentioned that racial disparities existed where pregnancy related deaths were common among
Non-Hispanic Black women by 66% whereas pregnancy associated deaths were common
amongst Non-Hispanic White women by 60%33. However, it is obvious that the worsening
trends in maternal mortality in the United States can be attributed to the alarming mortality crisis
among Black mothers.
There are several factors contributing to such devastating maternal outcomes among
African American mothers. These factors include but are not limited to low socioeconomic status
and persistent poverty, restricted access to prenatal care, poor physical and mental health due to
differential access to healthy food, unsafe neighborhoods, no health insurance prior to pregnancy
leading to chronic ailments like obesity, diabetes and hypertension. A population-based casecontrol study of pregnancy-related deaths was conducted to determine if different socioeconomic
and medical constituents account for the observed disparity in North Carolina. Here, data was
gathered for White and Black mothers over a span of 7 years. The findings reported that the
unadjusted odds ratio (95% CI, 2.08, and 4.54) for the increased risk in pregnancy-related deaths
among Non-Hispanic Black women was 3.07 as compared to Non-Hispanic White women. The
researchers also controlled for other predictors such as age of mother, income, gestational age at
delivery, whether prenatal care was received or not and hypertension. They established that
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being African American was a notable predictor for pregnancy related deaths (p=0.0001) with
adjusted odds ratio of 2.65 (95% CI, 1.73, 4.07). This study reiterated that Black women were on
the socioeconomically disadvantaged end of the spectrum as they resided in areas with increased
poverty, were unlikely to have received prenatal care and were prone to having hypertension15.
In addition, even if Black women receive Medicaid through the course of their pregnancy, they
will most likely lose the coverage during postpartum which is an important time to monitor
complications that could lead to death. The quality of care they receive and have access to is
important to avoid complications in pregnancies and prevent maternal deaths.
According to first-hand accounts from more than 200 African American mothers,
ProPublica and NPR gathered that medical providers did not actively listen to mothers who were
experiencing discomfort thus undervaluing and disrespecting their causes for concern. This was
mainly a result of racial bias where Black mothers were thought to be poor, uneducated, not
worthy, exaggerated the pain and defiant to the medical providers22. In fact, a study published in
2016 examined the racial bias in pain assessment and treatment suggestions along with the false
beliefs about the biological differences between Whites and Blacks among medical students and
medical residents. The study presented alarming results illustrating that Black people feel less
pain as compared to Whites thus treatment suggestions for managing pain for African Americans
is inadequate. A main effect of target race was observed [β = −0.07, SE = 0.03, F (1,85) = 5.50, P
= 0.021, η2p = 0.06, such that the study participants reported a lower pain rating for the black
targets as compared to the white targets16. These findings entail that diversity in the medical
profession is important to adequately bridge the gender and racial gap to provide services that
enhance the health outcomes. Keeping these issues in mind, it is important to address the overall
health of a woman even before she conceives and that includes access to quality care.
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1.5 Distance to hospitals (labor/delivery units)
An important factor to consider when an expectant mother faces complications or needs
to visit her doctor for regular prenatal and postnatal care is the distance she has to travel to get
access to timely care. Distance to labor and delivery units is the main predictor variable for this
study to gauge an effect on maternal mortality rates in the state of Georgia between 2010-2016.
There have been studies that examined the effect of distance on maternal mortality rates;
however, these studies have been conducted mainly on an international level and in developing
countries. A secondary analysis of cross-sectional, georeferenced census data was conducted in
five rural districts of Southern Tanzania to examine the relationship between distance to obstetric
care units providing intrapartum care and maternal mortality (direct and indirect). Multilevel
logistic regression was used for adjusted and crude odds ratios (95% CI) for the distance to
healthcare facilities on maternal deaths while test for moderation was conducted between the
different ethnicities, districts, and wealth and education status. The results depicted that the total
pregnancy-related mortality ratio was 712 deaths per 100 000 live births (95% CI 652–777)
which increased to 900 deaths per 100 000 live births at distance >25 km, however this was not
significant. Distance and direct maternal mortality had a strong association such that number of
deaths increased from 111 deaths per 100 000 live births at distance 5 km of a hospital to 422
deaths per 100 000 for those at a distance of 35 km or more14.
Another international study conducted in two countries, namely Indonesia where an
informant-based approach was used and Bangladesh which utilized a retrospective cohort study
design. This study considered the distance to obstetric units along with receiving professional
help from a health worker and the effects on maternal mortality. The results depicted similar
maternal mortality levels in both countries: Indonesia :( 320 per 100 000 births (95% CI: 290,
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353) and Bangladesh: (318 per 100 000 (95% CI: 272, 369). Moreover, with professional help
the odds of maternal mortality increased as the distance to a hospital or health center increased:
Indonesia: 1.07 (95% CI: 1.02–1.11), Bangladesh: 1.47 (95% CI: 1.22–1.78). The study found a
strong association between seeking professional help and the distance to a hospital or health
center since women tend to only seek help when an emergency arises, hence risking their lives.
Another reason for the high mortality is that maternal units have limited resources and
technology which can jeopardize a woman’s well-being and life35. Additionally, a study
conducted in Niger evaluated the socioeconomic factors, lack of access to healthcare facilities,
and inadequate number of trained personnel that influence high mortality rates among the
mothers. These factors generated a maternal mortality ratio of 2,640 deaths /100,000 live births
with a total of 121 deaths and 4,582 live births recorded. Findings from these studies highlight
the need for proper hospital access in lowering maternal deaths 8. These studies emphasize the
importance of reliable healthcare services at a closer distance for ease of access for the pregnant
mother.
In the state of Georgia, a total of 69 labor and delivery units were discovered spanning
over the 159 counties. Some of the counties like Richmond, Muscogee and Fulton have more
than two labor and delivery units (L&D) while some counties did not consist of any L&D units.
While calculating the distance for the closest hospital to each county center, it was observed that
some of the rural counties lacked proper roads hence making it tougher for the mother to be
transported to a hospital in time. Furthermore, rural counties experienced hospital closures,
sending county residents to travel further for medical care. In an observational cohort study
conducted in the UK, the researchers observed the association of distance to hospitals with
mortality for patients with life-threatening emergencies when age, sex, severity of illness and
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clinical category were adjusted for. The results demonstrated that as distance increased, the risk
of mortality also grew (odds ratio 1.02 per kilometer; 95% CI 1.01-1.03; p<0.001). The results of
the study conclude that an absolute increase of 1% in mortality is related to a 10-kilometer
increase in straight-line distance27. Hence, access to healthcare facilities and proper antenatal
care, before, during and after pregnancy are vital in ensuring the health and wellness of the
mother as well as the baby.
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Methods and Procedures
Data Sources and Methods:
2.1 Maternal Mortality and Live Births
Data was collected using the OASIS health data repository, specifically to acquire the
number of maternal deaths and live births for all 159 Georgia counties for years 2010, 2011,
2012, 2013, 2014, 2015 and 2016. OASIS is an online tool created by the Georgia Department of
Public Health which provides consolidated data on Vital Statistics, Emergency Room visits,
hospital discharge, Youth Risk Behavior Survey (YRBS) Behavioral Risk Factor Surveillance
Survey (BRFSS), STD, Motor Vehicle Crash, and Population data12. The OASIS website
provides a wide range of measures, ages, time (years), Geography (Rural/Non-Rural), Races and
Ethnicities, Education status, Sex, Disease and Diagnoses, causes of death to select and create
informative tables, graphs (trends), maps with valuable public health statistics and different
indicators.
This study focused on indicators from the Maternal Child Health section on the website,
with the subsection Maternal Deaths. Here, the tables were generated for the number of maternal
deaths aged 15 through 55 years with an aggregated timeline of 2010-2016, for 159 Georgia
counties. In addition, tables were also generated for different races/ethnicities namely White
(Not-Hispanic or Latino), African-American (Not-Hispanic or Latino) and All Races (Hispanic
or Latino), separately.
To acquire the number of births in the Georgia counties, the subsection selected was
Births under Maternal Child Health as an indicator for mothers aged 15-55 years with an
aggregated timeline from 2010-2016 for all GA counties inclusive of all races and ethnicities.
Similar to maternal deaths, the number of live births were divided by different races/ethnicities
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namely White (Not-Hispanic or Latino), African-American (Not-Hispanic or Latino) and All
Races (Hispanic or Latino).
The response variable, Maternal Mortality Rates were calculated after aggregating all the years
to obtain the total number of maternal deaths in MS Excel using the formula:
Maternal Mortality Rate
= (Number of Maternal Deaths/Number of live births) * per 100,000 live births
The Maternal Mortality Rates were calculated for the total number of maternal deaths and for the
different races/ethnicities.
2.2 Predictors- Distance, Time, Health Insurance Status, Educational Attainment,
Persistent Poverty and Population Density
Distance was one of the main predictor variables and it was calculated using Google
Maps. QGIS software was not used to determine the distances since Google Maps takes real
traffic into account and calculates the distance along the roads whereas a GIS software would
determine the ‘straight line’ distances. The aim was to examine the distance from the center of
each of the counties to the closest hospitals which provided labor and delivery services to
mothers. Firstly, all the hospitals in Georgia were researched to ensure that they offered labor
and delivery services. A map from the Georgia Hospital Association30 which listed hospitals was
used to identify them in each county in Georgia along with a Google search. Some of the
counties had more than one hospital; the hospital that was closest to the county center was
selected. Some counties lacked any hospitals with labor/delivery services; hence a county map
was used to locate the surrounding counties that catered to this. The closest distance from one
county and the surrounding county/counties hospitals was chosen. The hospital address was
input into the “starting point” field and the name of the county was entered into the “destination”
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field for the distance and this was carried out for all 159 counties. Google Maps makes use of the
centroid point for each of the county to measure the center point and compute the distances to
hospitals. Specifically, the distance with the ‘fastest route, usual traffic’ was selected where the
unit of distance measurement was in miles. In total, 69 hospitals were identified for all the
Georgia counties.
Another predictor taken into consideration was Time, to gauge the travel time to
labor/delivery units in each of the county. Google Maps provides the shortest time along with the
fastest route to the hospital. For the purpose of this research, the fastest route was chosen over
the shortest time since distance was being considered as the main explanatory variable.
The data for health insurance status for years 2010 through 2016 was publicly available
through from the US Census bureau (SAHIE or small area health insurance estimates) 40. The
percentage of population under age 65 without health insurance was selected for all years for
which the data was aggregated. This was calculated by combining all the percentages divided by
the number of years.
Educational attainment data for the counties was gathered from the American
Community Survey. The proportion of population aged 25+ years with a graduate or professional
degree and the proportion of population aged 25+ years with less than a high school diploma or
equivalent was used in the analysis39. Since the data was already aggregated, no further
calculations were carried out for these predictors. This was used in the analysis since varying
levels of education have a relationship with maternal mortality. According to a cross-sectional
study conducted by Karlsen et al. in 24 countries over a span of 2 years, women who have
attained lower levels of education are at a higher risk of dying when compared to women with
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higher levels of education. Thus, including educational attainment in the study seemed
reasonable17.
Population density was obtained using the land area and population for each of the 159
counties. This factor was used to measure the urban-rural differences which may be needed to
get a distance affect. Land area11 was gathered from the county maps of Georgia for each of the
counties and the population was acquired from Georgia demographics10.
Population Density =𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐏𝐞𝐨𝐩𝐥𝐞 ÷ 𝐋𝐚𝐧𝐝
FIPS or the Federal Information Processing Standards were included to create maps in
QGIS and perform regression using GeoDa software. FIPS are unique numeric codes set by the
National Institute of Standards and Technology to identify different counties in the United
States42. A process called Geocoding uses these geocodes to link data to maps by making use of
the area appropriate geographic coordinates to create translational maps.
Counties that are persistently poor for three decades was a binary variable included in the
study where 0 represented not poor and 1 represented poverty. The data was acquired from the
US Census Bureau a geospatial factors file hat was state and county specific39. Living in a poor
area with limited access to healthcare services can negatively impact a pregnant woman’s health
according to the United Nations Population Fund, which also states that maternal mortality rates
are reflective of disparities between the wealthy and poor nations more than any other measure
of health38.
The names of hospitals situated in the different counties and unemployment rates for
different counties for years 2010-2016 was included however the latter variable was not used in
model estimates.
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2.3 Spatial Analysis
QGIS
QGIS is an open-source Geographic Information Systems (GIS) application that allows
editing, viewing and analyzing geospatial data32. In order to visually represent the relationship
between maternal mortality rates among Non-Hispanic Black women and the distance to the
hospitals, QGIS was used to create translational, descriptive maps. A bivariate map illustrating
this relationship was created accompanied by univariate maps for total maternal mortality rates,
maternal mortality rates among Hispanic/Latinos, Non-Hispanic Whites and Blacks maintaining
cut points across the maps for comparison.
GeoDa
GeoDa is a software package that carries out spatial analysis, geovisualization, spatial
autocorrelation and spatial modeling where it translates data into insightful information. The
Center for Data Science at the University of Chicago states that GeoDa possesses powerful tools
such as “spatial statistical tests for visualizing maps, linking data views of spatial and non-spatial
distributions, and enabling real-time exploration of spatial and statistical patterns 9.” This package
was used to verify the spatial autocorrelation since the dataset consisted of the distance to
hospitals from each of the county center. Spatial autocorrelation checks for how similar
neighbors are to one another being in close proximity2. It would be counterintuitive to assume
that maternal mortality rates are similar in neighboring counties hence spatial analysis was
conducted by assigning spatial weights to describe the nearby neighbors. The weights were
defined using Queen Contiguity1. Thus, a regression was chosen to check for the Moran’s I
statistic which tests for spatial dependence where the null hypothesis states that observations are
scattered in a spatially random fashion while the alternative is the presence of spatial dependence
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for the variable of interest26. Using GeoDa, a classic model was run with total maternal rates as
the dependent variable and covariates such as educational attainment, distance, persistent
poverty, and uninsured rates.
The original dataset consisted of 159 observations for the 159 counties of Georgia,
including all the variables mentioned above, however no statistically significant results were
determined. Therefore, another stacked dataset was created in MS Excel to model the gathered
data and test the relationship between maternal mortality rates among different races/ethnicities
and the various predictors namely Population Density, Persistent Poverty, Educational
Attainment, and Distance to hospitals.
Using the stacked dataset that consisted of dummy variables for the different
races/ethnicities, the multiple linear regression procedure was performed in SAS to test for a
relationship between distance to the closest labor and delivery units from the county center and
how maternal mortality rates differ across Non-Hispanic Blacks, Hispanics/Latinos and NonHispanic Whites. The latter race/ethnicity was used as a comparison group.
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Results
After performing a correlation matrix analysis for the maternal mortality rates for all
races/ethnicities, the variables that seemed to have a positive correlation with the response
variable were percentage of population under age 65 without health insurance for years 20102016 (UI1016), time (minutes) taken to get to the closest hospital from the county centroid,
distance (miles) from center of county (centroid) to closest maternity/labor unit, and counties that
are persistently poor for three decades in 2010 (PP8010). The only variable that illustrated a
negative correlation was proportion of population aged 25+ yrs with a graduate or professional
degree from 2010-2014 (G25UPL). Hence, these variables were included throughout the
analysis.
3.1 Spatial Autocorrelation
Testing for spatial autocorrelation in GeoDa, the Moran’s I (error) was not statistically
significant (p-value= 0.61797), hence there was no spatial autocorrelation in the ordinary least
squares residuals (OLS) thereby deeming a spatial regression model unnecessary. Moran’s I is a
test statistic that measures for spatial autocorrelation which evaluates how proximate objects are
compared to other nearby objects as in how one county is similar to another county. This was
conducted to check if the observations in the dataset were independent from one another since an
assumption for classical linear regression is that observations cannot be dependent on one
another. Additionally, this was used to get parameter estimators that were unbiased and efficient.

Table 1. Diagnostics for Spatial Dependence (GeoDa) for Total Maternal Mortality Rates and
Various Predictors in Georgia Counties (2010-2016)
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Variable

Coefficient

Std. Error

t-Statistic

Probability

CONSTANT

180.089

166.329

1.08272

0.28062

EDUCATION

-0.604197

2.49429

-0.242232

0.80892

UINSURED

-5.41973

5.48055

-0.988904

0.32426

DISTANCE

0.00512394

1.33886

0.0038271

0.99659

PERSISTENT

30.6996

39.7025

-0.773241

0.44057

POVERTY

DIAGNOSTICS FOR SPATIAL DEPENDENCE
FOR WEIGHT MATRIX: MATERNAL MORTALITY RATES
(Row-standardized weights)
TEST
MI/DF
VALUE

PROB

Moran’s I (error)

0.0089

0.4987

0.61797

Lagrange Multiplier
(lag)

1

0.3175

0.57308

Robust LM (lag)

1

2.2323

0.13515

Lagrange Multiplier
(error)

1

0.0317

0.85864

Robust LM (error)

1

1.9464

0.16297

Lagrange Multiplier
(SARMA)

2

2.2640

0.32239

3.2 Multiple Linear Regression
Thus, the association between maternal mortality rates and the different predictors was
analyzed using the multiple linear regression procedure in SAS. Transformation of the main
predictor variable: distance and the dependent variable were performed so as to enhance the
model and change the shape of the distribution. The result for the first equation inclusive with a
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transformation of log+1 for the total maternal mortality rates and distance along with the other
predictors except for time did not show any significance: (F (5, 153) = 1.12, p> 0.3534), with an
adjusted R2 value of 0.0037. Hence, none of the predictors (distance, persistent poverty,
population density, percent uninsured and educational attainment) significantly contribute to
maternal mortality in Georgia counties and there is a lack of correlation.
Another simple linear regression was calculated to predict the total maternal mortality
rates based on the distance to hospitals from the center of each of the county for each of the
counties was considered. However, there was no significance as (F (1, 157) = 3.76, p> 0.0543),
with and adjusted R2 value of 0.0172. Distance to hospitals did not significantly contribute to the
total maternal mortality rates in Georgia counties from 2010 to 2016.
3.3 Stacked Dataset
Since the dataset consisted of maternal mortality rates for different races and ethnicities, a
stacked dataset was created in Excel with dummy variables for race/ethnicity categorized into
Non-Hispanic Blacks, Non-Hispanic Whites and Hispanics. Differences among the maternal
mortality rates for the races/ethnicities in regards to the distance the mothers had to travel to
labor/delivery units were assessed. An interaction term between distance (without the
transformation) and race/ethnicity for Non-Hispanic Blacks and Hispanics/Latinos along with the
main effects for race/ethnicity and distance was used to model the presence of any significance
on maternal mortality rates for different races stacked which underwent a log+1 transformation.
The Hispanics/Latinos were added to the model to compare with the Black population. Further,
adding the interaction term to the model was a way of determining how race and place affect the
maternal mortality rates in Georgia as opposed to using just the main effects in the model. The
results indicate that maternal mortality rates do not necessarily depend on the race/ethnicity of
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the mother or the long distance she has to travel to get access to healthcare services. Four models
were examined to gauge the impact of distance and race/ethnicity on maternal mortality rates in
Georgia counties over a period of 2010 through 2016.
3.4 Models (Statistical Analysis)
Model 1 includes race/ethnicity, distance to labor and delivery units and their interaction.
The regression equation that predicted maternal mortality rates for the different races/ethnicities
obtained for Model 1 was 2.47- 0.03(Distance)–0.52(Race/Ethnicity=Black)1.94(Race/Ethnicity=Hispanic)+ 0.02 (Distance*Black)+ 0.02 (Distance*Hispanic) with an
adjusted R2 value of 0.1266. The interaction terms were found to be non-significant. Another
comparison model (Model 2) only includes the main effects of race/ethnicity, distance to labor
and delivery units. The regression equation for this model was 2.21-0.01(Distance)0.07(Race/Ethnicity=Black)-1.62(Race/Ethnicity=Hispanic).
The adjusted R2 value 0.1263. The main effects model (Model 2) suggests that as distance to
labor and delivery units increases by 1 mile, the maternal mortality rates are expected to decrease
by 0.01 deaths per 100,000 live births while controlling for race/ethnicity. The regression results
for both the models are depicted in Table 2. Model 2 shows that distance is statistically
significant (p-values=0.024) and the maternal mortality rates in Hispanics/Latinos is significantly
lower than in Whites (p-values < 0.0001). However, these models were heteroscedastic when the
model specification test was performed in SAS. In order to correct the standard errors, the White
test was used to provide a robust model with the most reliable estimates. The statistical
significance was maintained for distance and race/ethnicity for Hispanics and the coefficients
remained unchanged with the p-values increasing for the other predictors. Figure 1. shows the
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funnel-shaped heteroscedasticity for the residuals vs. the predicted values for the maternal
mortality rates for the different races in the Georgia counties.
Table 2. Model Comparison with and without interactions (Distance*Race/Ethnicity) on
Maternal Mortality Rates in Georgia Counties- (2010-2016)
Model 1 and 2 comparison including Distance, Race/Ethnicity and Interaction between Distance &
Race/Ethnicity
Variable

Model 1

Model 2

Estimates

Pr> |t|

Estimates

Pr> |t|

Intercept

2.47

<.0001

2.21

<.0001

Distance

-0.03

0.0128

-0.01

0.0204

Race/Ethnicity= Black

-0.52

0.1827

-0.07

0.7691

Race/Ethnicity= Hispanic

-1.94

<.0001

-1.62

<.0001

Race/Ethnicity*Distance
[Black]

0.02

0.1536

-

-

Race/Ethnicity*Distance
[Hispanic]

0.02

0.3077

-

-

24

Figure 1.

Fit diagnostics for Maternal Mortality Rates in

Georgia (2010-2016) for different races/ethnicities
Another 2 models were fitted to visualize the relationship of maternal mortality rates
(transformation of log+1) with socioeconomic factors like educational attainment and persistent
poverty, population density and health insurance status, distance and the interaction term
inclusive of distance and race/ethnicity for Non-Hispanic Blacks, and finally the comparison
variable for Hispanics. The regression equation that was obtained for Model 3 consisting of the
interaction terms (Distance*Race/Ethnicity=Black) and (Distance*Race/Ethnicity=Hispanics)
along with the main effects illustrated statistical significance for the Hispanic/Latino
race/ethnicity (p-value<.0001) and for population density (p-value= 0.0006) with an adjusted R2
value of 0.1573. The predicted maternal mortality rates for different races for Model 3 were
similar to Models 1 and 2. For population density, it can be deduced that as population density
increased by 1 square mile, the average maternal death rates increased by 0.0002 deaths per
100,000 live births, controlling for race and other factors. The interaction between distance and
race/ethnicity is not significant in Model 3. When the interaction terms were removed as in
Model 4, the statistical significance for Hispanics/Latinos and population density were
unaffected. The White test for heteroskedasticity was conducted to determine if the model was
heteroskedastic. Since the models were heteroscedastic, the White test was used to correct the

25

standard errors and provide robust models with the most reliable estimates. The
heteroscedasticity consistent p-values were still statistically significant for Hispanic/Latino
mothers and population density (p-value=<.0001) for Models 3 and 4 (Table 3.)
To reinstate, Models 1 and 2 (Table 2.) present that distance to labor and delivery units
matters where maternal mortality rates are concerned for the different races in Georgia counties.
In addition, models 3 and 4 suggest that population density matters thus as the population
increases per square mile, the maternal mortality rates increase as well, controlling for others. All
four models indicate that maternal mortality rates of Hispanic/Latino is lower than in NonHispanic Whites.
Table 3. Model Comparison for Maternal Mortality Rates in Georgia Counties with Distance and
Race/Ethnicities, Sociodemographic and Socioeconomic Factors, with and without interaction
(Distance*Race/Ethnicity) -(2010-2016)
Model 3 including Distance, Race/Ethnicity, Interaction between Distance & Race/Ethnicity and
Socioeconomic and Sociodemographic Factors
Variable

Model 3

Model 4

Estimates

Pr>|t|

Estimates

Pr>|t|

Intercept

2.47

0.0085

2.21

<.0001

Distance

-0.02

0.1737

-0.01

0.7047

Race/Ethnicity= Black

-0.52

0.1750

-0.07

0.7651

Race/Ethnicity= Hispanic

-1.94

<.0001

-1.62

<.0001

Race*Distance [Hispanic]

0.02

0.2990

-

-
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Race*Distance [Black]

0.02

0.1463

-

-

Uninsured Rate

-0.02

0.5502

-0.02

0.5503

Educational Attainment

0.0003

0.9869

0.0003

0.9869

Persistently Poor Counties

-0.08

0.6973

-0.08

0.6974

Population Density

0.0002

0.0006

0.0002

0.0006

Table 4. Descriptive Statistics for Maternal Mortality Rates in Georgia Counties for 2010-2016
(Total and different races/ethnicities)
Maternal Mortality

Mean

Rates

Standard

Minimum

Maximum

Deviation

(n=159)
Non-Hispanic Blacks

80.13

162.20

0

869.57

23.99

214.05

0

2631.58

39.56

61.47

0

298.06

52.93

71.06

0

568.18

[Live Births, n=159]
Hispanics
[Live Births, n=159]
Non-Hispanic Whites
[Live Births, n=159]
All Races/Ethnicities
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The descriptive statistics for total maternal mortality rates and among each of the races
with the mean, standard deviation, minimum and maximum values is illustrated in Table 4. for
all 159 counties in the state of Georgia. The minimum is 0 deaths per 100,000 live births while
the maximum is among the Hispanics where live births occurred in all 159 counties with 2631.58
deaths per 100,000 live births (M=23.99, SD=214.05). This occurred in Jones county where the
number of births for 2010-2016 was 38 with one maternal death occurring within that time
frame. Another reason is the low population of Hispanics/Latinos in the county. The maximum
maternal mortality rate for Black mothers where live births were experienced in 159 counties, is
869.57 deaths per 100,000 live births (M=81.16, SD= 162.98) in Qutiman county which has a
high Non-Hispanic Black population followed by 298.06 deaths per 100,000 live births (M=3.96,
SD= 6.15) for Non-Hispanic White mothers in Crisp county with a high White population. The
maximum for total maternal mortality rate for all races/ethnicities is 568.18 deaths per 100,000
live births (M=52.93, SD= 71.06) in Quitman county.
3.5 Mapping (QGIS)
Maps using the QGIS, geographic information system application were used to create the
outcome variables which include the Total Maternal Mortality Rates, Maternal Mortality Rates
among Non-Hispanic Blacks, Non-Hispanic Whites and Hispanics/Latinos. A bivariate map to
reflect to illustrate the maternal mortality rates amongst the Non-Hispanic Black population with
the distance to visualize how far typically a Black mother has to travel to receive adequate care.
This map created using QGIS (Figure 2.) depicts the total maternal mortality rates in
Georgia counties from 2010-2016, with a quantile classification scheme where the rates are
sorted from low to high and a ramped or sequential color scheme for illustrating concentration of
maternal mortality rates, where higher concentration (96.02-568.18 deaths per 100,000 live
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births) is a darker shade. Here 26 out of the 159 counties fall into the last category, and a
majority of the counties fall under the first category (0-0 deaths/100,000 live births).
Figure 3. adheres to the same color and classification scheme where the map illustrates
the maternal mortality rates among Non-Hispanic Black women. The cut points for each of the 5
categories are maintained; however, since Quitman County had a higher rate, the range for the
last category had to be increased to 870 deaths/100,000 live births with 36 counties. Likewise, in
Figure 4. which shows the maternal mortality rates for Hispanics/Latinos, the range for the last
category is increased to 2632 deaths/100,000 live births with 5 counties. Majority of the counties
did not report maternal deaths for Hispanic/Latino women.
The highest mortality rate for Non-Hispanic White mothers is 298.06 deaths/100,000 live
births in Crisp County which has a higher Non-Hispanic White population than Non-Hispanic
Blacks and Hispanic/Latinos. Maternal mortality rates were at 0 deaths/ 100,000 live births for
87 of the counties, while 25 counties were in the last quantile with a rate of 96-568
deaths/100,000 live births. The number of counties and the rates are higher in Non-Hispanic
Blacks when compared with the Non-Hispanic Whites. Further, the quantiles had the same cut
points as for total maternal mortality rates to maintain consistency across the maps in Figure 5.
These maps demonstrate the visible differences in maternal mortality rates among the different
races/ethnicities across the Georgia counties.
Even though the multiple linear regression models did not demonstrate a significant
relationship between distance to labor/delivery units and maternal mortality rates among NonHispanic Black mothers, a bivariate map was created to visually represent this association since
highest maternal death rates are linked to Black women. The legend shows the various
associations of the two variables, the vertical axis represents the different categories of distance
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from low to high along with the sequential color scheme using blue. Mortality rates among black
mothers is represented on the horizontal axis of the legend with varying shades of blue, ranging
from low to high as well. Two counties namely Wilkes and Lincoln show that as distance to
healthcare services increases, maternal mortality rates also increases (Distance= 58.04 - 87 miles,
MMRB= 42 - 870 deaths/ 100,000 live births). Seven counties fall into the mid-distance and high
maternal mortality rate category (Distance= 29.37- 58.04 miles, MMRB= 42 - 870 deaths/
100,000 live births). Additionally, two counties show that as the distance increased, the maternal
mortality rate was 0. There are no counties on the map that had MMRB of 0.10 - 42
deaths/100,000 live births when distance to the labor/delivery units was 29.37 - 58.04 miles and
when distance was 58.04 - 87 miles. In 39 counties, the map illustrates that Black women have to
travel a distance of 0.70 - 29.37 miles where the maternal mortality rate is 42 - 870 deaths/
100,000 live births.
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Discussion
The multiple linear regressions were conducted on the interaction terms that consisted of
the distance and the race/ethnicity variable for Non-Hispanic Black mothers, in addition to
Hispanic/Latino mothers to look at the relationship with maternal mortality rates among all races.
With the coefficient for the interaction terms not being statistically significant, it can be said that
distance does not have an impact on maternal mortality rates in Non-Hispanic Black women
when compared to Hispanic/Latino women in Georgia counties from 2010-2016. However, the
models illustrated that maternal death rates decreased as distance increased. Saturated models
were used to look at the relationship of maternal mortality rates among all races with the
predictors such as the multiplicative terms, race/ethnicity with Non-Hispanic White mothers as
the reference group, educational attainment, population density, persistent poverty, health
insurance status and distance. The regression analysis showed that the association between the
interaction terms along with the sociodemographic and socioeconomic factors and maternal
mortality rates was not statistically significant. The variables that were found to be statistically
significant were population density and Hispanic/Latino mothers. As population density
increased by 1 square mile, the average maternal mortality rates increased demonstrating that
more women might be giving birth requiring that area or county to have more hospitals with
labor and delivery units to cater to the growing population. Additionally, it is possible that these
hospitals could have been more rigorous in collecting data on maternal deaths and reporting it to
the state’s maternal mortality review committee since they are adequately staffed and funded.
The Georgia Maternal Mortality Review Committee (MMRC) reported that in 2013, 73 percent
of the maternal deaths happened in urban counties as based on the 2000 Census where these
counties had a population of 35,000 or more, annually33.
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4.1 Race/Ethnicity
Hailing from a Hispanic/Latino ethnic background constituted to a decrease in maternal
mortality rates. This could be indicative of the underreporting of Hispanic/Latino population in
the census as stated by OASIS (Online Analytical Statistical Information System) or low to zero
population in certain counties in Georgia12. Moreover, the Georgia review committee accounted
for the demographic factors in 2013 where 6 deaths out of a total of 79 maternal deaths were
attributed to women of Hispanic/Latino descent. Thus, it is possible that no births or maternal
deaths occur in these counties hence the inverse relationship witnessed in all four models since
only 9 counties had maternal mortality rates associated with them as compared to 58 counties for
Non-Hispanic Blacks and 71 counties for Non-Hispanic Whites observed in the created dataset.
An observational study analyzed sociodemographic factors such as race/ethnicity and age on
maternal mortality rates from 2008-2009 and 2013-2014 for 27 states including Georgia along
with District of Columbia. This study reported that maternal death rates per 100,000 live births
for the Hispanic population did not increase considerably (15.1 in 2008-2009 to 15.8 deaths in
2013-2014) when compared with Non-Hispanic Blacks (46.7 in 2008-2009 to 56.3 in 20132014) and Non-Hispanic Whites (15.9 to 20.3 deaths per 100,000 live births) within the same
time periods. It suggested that the high maternal mortality rates in Non-Hispanic White women
as compared to Hispanic/Latino women was due to a significant rise in the population for White
women19.
The difference in Hispanic/Latino, Non-Hispanic Black and Non-Hispanic White
maternal mortality rates is evident when observing the counties with the highest rates for Blacks
followed by Whites and finally Hispanics. In the created dataset for the 159 Georgia counties,
when the maternal death rates among Whites were highest in Crisp county (298.06
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deaths/100,000 live births), the rates were at 0 for Blacks and Hispanics. Similarly, when the
maternal death rate was 869.57 deaths/100,000 live births in Quitman county, the two
races/ethnicities were 0 deaths/100,000 live births for that county. This was true for
Hispanic/Latino women living in Jones county who had a maternal death rate of 2631.58
deaths/100,000 live births compared to a 0 deaths/100,000 live births maternal mortality rate for
Blacks and Whites.
4.2 Risk Factors
Structural risk factors which include low education, low income, high migrant population
and living in socioeconomically disadvantaged areas increases the maternal health gap leading to
poor health outcomes for a woman. As mentioned earlier, the Center for American Progress
Action Fund analysis was carried out for various factors concerning a woman’s economic
security, leadership, and health state published in 2013 which stated that only one OB/GYN is
available for 7,125 women in Georgia. It gave the state an overall rank of being 41 out of the 50
states and a grade of F for women’s overall well-being. The Center for American Progress
Action Fund reported that approximately 21% of the women are poverty stricken out of which
29.9 percent are African-American women, ranking Georgia as the seventh-highest in the
country for women living in poor conditions5. Furthermore, if a woman lives in a rural area, she
is likely to be poor, have inadequate access to quality healthcare, travel further to a labor and
delivery unit and lack comprehensive medical insurance or transportation. Risk factors and their
effects tend to be magnified in such situations specifically in disadvantaged locales. The
maternal mortality rate in rural areas for all women in Georgia was 50.3 deaths/100,000 live
births compared to 38.2 deaths/100,000 live births in non-rural areas. For African American
women living in rural areas, the rate was 79.7 as compared to 57.8 deaths/100,000 live births in
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urban areas which is a stark difference with Non-Hispanic Whites with 43.9 deaths/100,000 live
births in rural areas and 35.3 deaths/100,000 live births in non-rural areas12. The number of
maternal deaths in Georgia (2010-2016) in urban areas was higher especially among the NonHispanic Black women because of the high population density in counties such as DeKalb,
Gwinnett, Clayton and Fulton, since urbanized areas consist of deprived neighborhoods that lack
quality care.
4.3 Data
Apart from the structural risk factors mentioned above, there are a number of other
contributing factors that might have led to the observed results. Firstly, relying solely on death
certificates to gather data on the number of maternal deaths which have limited to zero options,
varies across states for recognizing pregnancy-related deaths. The check box was created in an
effort to combat undercounts in maternal mortality data through an effort by the National Center
for Health Statistics. The limited option includes a check box to verify if the woman who died
was pregnant or had been within the last year prior to her decease. While this has helped identify
maternal deaths, it has also led to errors in acquiring data and perhaps inflating the numbers
since detailed information regarding the death is not stated on the certificates. Instead, an article
by ProPublica reported that the death certificates require either the immediate, intermediate or
underlying cause of death which can ignore the connection between the pregnancy that lead to
the individuals death. Additionally, the article mentioned that data collected from states such as
Colorado, Ohio, Georgia and Delaware with maternal mortality review committees reported that
15% of the women stated as pregnant were not actually pregnant within the previous year.
Furthermore, it states that it is not necessary that an OB/GYN or trained personnel complete the
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information on the certificate thus widening the gap in misinformation regarding the actual cause
of death of the woman7.
The federal government has not published data on maternal mortality since 2007 as it
wanted all states to adopt the check box system for the sake of consistency. However, it should
be noted that unpublished data and inappropriate data management could affect its quality which
in turn can lead to inaccurate results. On a state level, even with a maternal mortality review
committee in place for Georgia, it has published two reports for years 2012 and 2013 in 2015 and
2017, respectively. The lack of funding in one-third of the states meant that review committees
were unable to perform their functions and provide insights that could have led to the enactment
of preventative measures and better maternal health data. Hence, there is a lack of initiatives that
tackle maternal mortality in the United States. One of the reasons could be that other health
issues are given a higher priority which translates into more monetary, institutional and legal
resources allocated towards them and less towards maternal mortality. To demonstrate this point,
NPR reported that “At the federally funded Maternal-Fetal Medicine Units Network, the
preeminent obstetric research collaborative in the U.S., only four of the 34 initiatives listed in its
online database primarily target mothers, versus 24 aimed at improving outcomes for infants (the
remainder address both)”20. Furthermore, the article stated that the United Kingdom has greatly
reduced deaths due to preeclampsia since they recognized maternal deaths as “system failures”
and the U.K should be regarded as a model for preventing maternal deaths. The U.K was able to
do so through the creation of a national review committee that takes the initiative to rigorously
collect and analyze data from the onset of pregnancy through complications in childbirth. It also
holds the hospitals, doctors and nurses accountable for any errors that could have been prevented
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throughout this experience. Thus, funding, collection and analysis of data on a case by case basis
is necessary to decrease maternal mortality rates in the United States.
4.4 Limitations
The study is not without limitations which will be addressed in this section. Firstly, it is
possible that there are no maternal deaths accounted for in certain counties due to variations in
death certificates from county to county which may or may not have pregnancy listed as the
cause of death. It could be that no maternal deaths occurred in the counties for the years
examined in this study (2010-2016). Moreover, certain counties may not have had any births due
to the population distribution which may consist of for example, an ageing population. Secondly,
since the distance a mother travels to access labor and delivery services was calculated from the
center of the county, it is not necessary that the mother goes to a hospital within the county that
she resides in or that her health insurance covers the doctor in her county. The gap in inconsistent
data collection for maternal deaths could be another reason for limited knowledge on the number
of deaths occurring.
4.5 Future Research
Further research could include looking at the number of maternal deaths that have
occurred in Georgia counties on an individual or case by case basis to determine the hospitals
(labor and delivery units) that a mother frequents and the distance traveled. For analyzing
maternal mortality, generalized linear regression models, Poisson regression or zero-inflated
regression for the number of maternal deaths could be conducted to account for the zeroes in the
data.
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
Relationship between distance (miles) to labor/delivery units and maternal mortality rates
among Black women in Georgia counties (2010-2016)
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